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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the threshold of a 
highly reliable semiconductor laser containing no much 
cracks and having an FFP showing a uni-modal property, 
and to operate the laser with a low voltage so that the laser 
may be used practically for optical disks, etc. 
SOLUTION: In a semiconductor laser which is composed of 
a gallium nitride compound semiconductor and has a double 
heterostructure in which an MOW active layer 118 is held 
between p- and n-type AIGaN clad layers 115 and 121. a p- 
type InGaN light absorbing layer 122 having higher 
absorptance than the p-type clad layer 121 has is arranged 
on the side of the clad layer 121 opposite to the active 
layer 118 and a p-type InAIGaN low-refractive-index layer 
124 having a lower refractive index than the clad layer 121 
is arranged on the outside of the light absorbing layer 1 22. 
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[0 00 3] SiSS(D¥^f*U-1f<bL.r I nGaA 1 
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[0010] 
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[00131 ( 1 ) Sfb:*/ V •i' Ai^<b^^***ie.^c 
0. ffitt@^^^©S^c€.d'^7 F@-t?S^^/ca^:/J^ 

*>©*|ja. (la) ^^yy F@© ^ ^:i>j5: < i fe— ;;&© 

F®©f£ft®t-^ffliJtc. tee^v^^ F®J:») fe®iU 
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CC. FB<t ») *>®*f*©(5Ufi®Jf*»^ii>^c 
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<tfc— :&©i/^^ F®©ffittjl<^:S>:^^|IJK:. W^^=yv 

[0014] (1-1) 3K«R«RM». I n A 1 GaNX« I 
nGaN^a^J&Sc'i. 
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N©etg^^-C*-5Ci. 
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[0018) (2-1) %wm<i>-ms.. ^mm^^wm 

(2-2) 7t>RH5yi®:fiWi^g», 1 X 1 0" cm-'JU± 
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[0020] (3-1) itmmmwi--c^}SuZfi. ats 

[002 1 ] (3-2) atS^*i2o®27c;^©{b^^^ 
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n-€'n<!!)27cJF.fi^8^©J15*s*IJfflIStlTC^*C <!:. 
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(4-3) :M£KHJUl*J^Sfi^#F^ji*» 6 J& -5 C <t . 
(4-4) ^ 1f S«ji©MSS«:^as^F«it*> 6 ^ I 
n *$tf3fe®iR^*JS:lt e>tir(,^4 C i. 
[0 02 4] (5) pne^*J^fiW--&J:^Ka)as 

Wmt.. 1512 P n gl^K:m«E4^-r <t 5 {cjiTf BSB 

tfcctei^r. SirieaJlie©lfrKmffi<b©«^g5»K:. a so 



1 1-25 1 685 

6 

sSUfP©W:^?:^tf3>^i' F®*iJgB£3*Tr:ts5C 

[002 5] ( 6 ) F^-CtfeStl. 

A^^{b^^i**>6ife-5^#U— tfcctei^r. (6 
a) BBlB^K^^f'/ FMCCOtJT, pffiiJ:^f-f FB3^nffliJ:<f-r 
F@J:Ofelf(,>. (6b) fflBi'^ f Fgtcoii-C^ pfflij 

[0026] (6-1) %ij-< FJ1». pPW^ FB*J0. 
(6-2) ^ 5» FS»> pfflli'^-^ F®*5 0. liumJaT 

(6-3) ^l^^if FB{C-3(,i-CplWn>;5ri7 FB**nffliJ^ 
FaJ:>3ibW<. P«3>i?i' F®©P3A«0. 0 
5/ttm«T-C*SCi. 

(6-4) 3fe*f-/ FStCOC^r. FJlfflli!E*5 1 n Ga N 
X»A 1 GaN-e$>r>T. I nX«A 1 ©iffl^*S5%JW, 

[0027] (fpffl) ( 1 ) CCjrntf. i/'t/^U-- 

GaN^©76>RiRMX{tS*f^©m^A 1 GaN^ffi 

mifimm^m» ■& c i k j: o . ig^>c*- f ^^^susd 

FFP©*<*^t?r3Ift«:-r^C<t*!-Clr-5, BP^. 
GaN^©:3>aii7 FBcf «:^®iit!yi*a:W-5C iKJ; 
0. S^jg«:j:S^«:*JCi-cfc3>:5ii? FJl'\©3fe© 

[0028] ^^^S'i' Fg^tcTfeKilRextiasf 
*©fii»®?:S:W*c; itcj: •) . m.-X^e- FtcJ:5^ii 
$6«:33>3ii' F®*ifitS^«3§<i:^c5Ci 

iRaX»«*f^©fit»M*S:W^C<!:lcJ:r). igi>C^- 
F{cJ:DI6Jg-r^JS^«:53:. F©;XI»*@3£-r * C 
<!:*SnIIBtAj:»). CD-?»DVD©3feiS<!:Lrffll»Sti^ 
«:» u > XCC J: 0 l//c*^©-7 * - * x©r B!f 

[0029] (2) 1f-yr^Tm<om^± 

fm^mtsm^^omfi^A i GaN^'-^^^ ¥m<D^^ 

A 1 G a N i' ^ f F@OJ^'^©SS 

Sffitt®*^*rSi«:tei»rfea*ji*R£g{c<te i n G 
aN5laRiR®tcJ:0»*ail/364»iR3^S. CtiKJ: 
0. ^^©S*- FBS:*:*- FCCjf^riB^XB* 
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tf*k:/j:oaoS£:^^5 0ft*WJr^. $f^(^mK^.fm^ 

[0 0 3 0] ^feRjRstii 0* cm'^mm<omumL^ 
^'r^mn^$>tiftt. o. i um^(D;i3r*>ntf+ 

i^)CC I n G a NrStt® J: 0 I n »^«:it'^'rie:^3&5* 

D . I n ^m^^^^mt^mmr^^ j^c < j^c 

[0 0 3 3] (4) ^c<fcn«. 1^:7t-<T/S:<5:(Z> 

C^r. ?SttBO>''«>F^-r'^r^J:0 4>/h5CwA*>F^i^ 40 

^-F^ttsaf®L#cim(^)^j^c*E>T. ©«tt*>r^± 

[0034] ( 5 ) CC mffiTSPCc A s , 

P^^O I nGaA 1 N^(Dn>^^ FS^^^-T^C 50 
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<bccj;0. r£&BiSeSPtk:::^#)^jr/OF¥i'*>:/M 

^O/ca?)^- F*^SSb/c^L#C>fiiODffil^* 

[0035] :4s:|%e3 ( 6 ) tcj:*i«. x>mi^^ FJiX{^ 
vm^'yy FB*nffliicD^n<t9?i<ffM-r-S>C<tOci: 

Hi pww-r fbx^pW^^ FJiioDpatc^fer-s^ 

[0036] l^ft:^^mt^<kti{t. p F®X« P 
F®€:n9J<D^nj:0»<^^l/. ;epora>5r 
^5^h®*0. 0 5 iumJyTk:S:^'r'SCitcJ:D. pW 
:^^F®, pfiJ^^5rFJl» p{iJ=i>^i5^ FBicfet^f^ 

±Cfrpffl|;^7V F». pWJ^^^^FH, p»J:3>^^F 

p (D^mm^^m L xmmitr ^ct ^rj:^^ 

[0037] 

[0038] (^1 (ommmm) m i it. ^^m(Dm i 

[0 03 9] 1f:7T>rrSfeiil 1 OCC. GsiNipfbtj: 

n^:3>^^F® 1 1 2. S i F-:/CDn-A 1 GaN 
^>f^rj:^nmi^^^ FBI 1 5. S i F->^(3[)n -Ga 
N3jP63^^n^:^-^ FBI 1 6. SiF-7'CDn-Al 
GaN*>6>^^nM»®PSMBl 17. -en^nCDi^S 
f)n 0nmWF(D2mm<Ol n A 1 GaNBcO^OiiL 

xmfSLSti^mmm^'^fz>^^^mM^)^^ (mqw) 

«iS*»63&:eMQWr£ttBl 1 8. MgF-:/C[>p-A 
1 GaN;Cp6ft^pMSIieMBl 1 9. Mgl'-zfCD 
p-GaN:«P6?c^piS;^/-r FBI 2 0. F-:/cr) 
P-A I GaN:6>^ite'5pM^^^ FBI 2 K Mg F 
-:?'(7>I nGaN:«p635r^pS3feKJRBl 2 2. F 
-::^(DGaNA^6^c:^pM:3>i>^ FBI 2 3. F 
-:/CDp- I nA 1 G a N:?^^^ Ajr-^ p^^ife-t- F*0 
iBIB12 4. pMn>^>7h@I2 33S^^SJgfi£$nr 

[0040]-eUr. pS[33>:Sf>7 hBl 2 3^^n^ 
r3>t$fi? FBI 1 2(Di^4i^'Cgp^}Wecx-;^>ys 

SaL//tnM=i>3'^ hB 1 1 2C!>^HtCt3:nffJS 
ffil 2 6^Jg^2nrc>^o^/c. pMn>^d^FBl 
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[004 1 ] *eRJtx® 1 2 2 ccoc^r 53:. I n m^f)m 

fp. Si. Zn. Mg^]gigeK-lf>^ ( 1 X 1 0*» 
2(D;?Sk:oi>'C«. 0. SMmJ^TiT-S. 

- i^umm 1 2 4Jc-:)Cirt*. ^mmm i 2 2 ii^«cc 

fflC>rja»f^*Ga N J: 0 feffi< L.fc*>(D*fflCi^C i 

[ 0 0 4 2 ] la 1 tC:tetiT. ^^iiS^- F^O®® 1 2 4 
^pM:3>^?^ 1 2 3*k:lJlg:ttTCi-5>*s. 2m 

1 2 3^A I GaNROf/XJi I nGaNiG 
aNCDatST^«igi:br4>Mtrn pMn>d?^hai2 

^fc. ^mtm 1 2 2 i^fe^jg?^- K*]®® 1 2 4CDi' 20 

JDUl 1 2 2 7&iite< . G a N ^ h 1 2 3@4i{C3taS 
?S^-K$fJaUil 2 4 3&5g:t:fr^^it^«>^^ti-5. 

[0043] :^mmmm^:i$irf^^^ cc. ^icKiU^ i 2 

2RJ//XJ3:7fe2ga?^- K$f|®Ill 1 2 4^iSti'/c^ 
{i. A 1 G a N ^5^^ K@ild^:^+53^'C:7fe3!^rj> ^ ^ h 
SI 2 StCL^tHTttarfe. :3>^iJ^hJll2 3k:3fe 

fflj$jL/rMmBF^ (FFP) ^mmiicv. L^i.m^{& 

(Near Field Pattern: NFP) CJ. 02(DJ:^tC;^ 
[0044] CCr. pSn>3?t57 m 1 2 3tC3t®4R 

ji 1 2 2sa=*«ig[^- i^mmm 1 2 4*s:c:f/c^. 

NFP{*H2(D,^^r^-rJ:^(CpSra>^i5^ F@l 2 

m'^-\'mwmi2 4ifirj:i.>u^mm(iCttm'r^t. ^ 

eRiRJil 2 2^Sttrffcm^<O:^i3ii0^imiiii&< . ^6 
CC^fe^iS^-t- FSlJtai® 1 2 4CD@»*10^Ctn«^^l^tS<J: 40 

[0045] */c. *||IfeJ^,®C[><f:^ A^^feKiUyi 1 2 2 
SC/T^iS^- F*IJiSP@ 1 2 4 ^flai^/iiig^iffll^^Ci 
it^^^FFP^rittJ-r-Si. 04CDJ:5(C)^d:^. C<D0 
?ae*^^ii*tt«:7R-rFFP*s*^S6Ji^SSCCj:"^r^ 
tfti;fe^Ci3&5^;0^^. COJc^^c^Httt^. p-Ga 
N:3>^^7 mi 2 3. n-GaNzi>a?^7 FMl 1 2 

h® 1 2 3 mc^m.^ 1 2 2 saf3i&®2SE'=e'- I'mmm so 
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1 2 4^m<>^fcm^. WA^- I'cmmtmm^tixF 

[0 04 6] §6CC*eRjR®^^C:fr*>. 

^iS-^tc^i. W^X-^:-Fr|^'r'5>iS^;{>i$>^o CODig 

yjm\t. n>^^7 hjil 2 3c|3k:^-F*»J®Jll 2 4«: 
:T^^rapaccEgL/. i«^X^-F(D^^«l^^7?ffir* 
0. S6«:*jlird 1 5^d2?^d3?^d4<bCyi:iS^-r 
S^*i*'5ffidOCD^fg^'r^>-Sit^fc^3&>n'5. 

fecDi-rSo 3fe®iRJi 1 2 2^^^-^^ mmm i 24*5 

FBI 2 3 F©Jai® 1 2 4^^FaPStciSML. 

«^J^{*06 dl = d2 = d3 = d4<!:L/ 

/cit^T^^. S^.C^^'SffidOCDSife^^-Sig^fe^ 

[0047] mm<Dyjm^{mA'^- vt^c^^^mum 

fflCDi^^e^i^g^X^- F<D^^^3&5U-if^iSKJtcS6< C 
itJ*?^ L<itct^o n>^i7h® 1 2 3ctJ^^?RrtR® 1 

2 2XJi'=e- F»ji 1 2 4^mmm^mm^^m^i^ 
[0048] \u±<D^ ^ tc i^xmfc:^mmmm(D^it: 

tf{i. 4 2 0nmf*aa)a^S-CSSM^^O. ^ 
kA/cm' Jyr-C&s;). */cU-1f^ 

[0049] c<Dj: ^ ^-^'mmim.iitiu. p - a 1 

GaN^^-.. FBI 2 1 ipffiOMSl 2 5(fc(Dra<Dp- 
GaNn>^i7 FBI 2 3*&C, ^l^^>7Vm\2Zh 
mmm^hv- I nGaN^feKiRSl 2 2Rafp- I 
nA 1 GaN^f^^-t-FSOffllBl 2A^mW^^>^t 
CCi:0. :3>a?^hBl 2 3-xOr>pl&CD?an^'M^i>L. ii5 
;^'t--F(CJ:^^^ffl$lJ-r^C<!::^'r^. -e'C[>J^I|P 
-t''^^CDFFP<D^flttt*iffi«r*S. t,fc. ytm 

'&'e-vpmmi2 4<Dmm^mmm(^T^ct<iC^-y 
[0 05 0] {m2(ommmm) mi^t. ^^m(om2 
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[0 05 1 ] V-yr ^rmWLl 1 OCC. GaNfy^htj: 

nm::i>^^ h® 1 1 2. Si F->^<7>n- I nA 1 G 

^^hmi 12. Si K->^CDn- I nGaim^h^^ 
nmyt^Jfmi l 4. ®S i K-';^or>n-A 1 GaN^E^^ 
^tjiinM^'^v K®1 1 5. S i F->^CDn-GaN 
i^^fbrj:^nmi7-( \^mi I SiF-r^CDn-AlG 

1 0nin«T<D2a®<DI nA 1 Ga N®(D^OiEbr 

li^snsssi^sd^^^^C'S^afi^^F <MQW) m 

i&Cr^^/cC-SMQWtStt® 1 1 8. MgF-r^COp-Al 
GaN^^^^i^Sr-S^p^BMPi^l 19. Ms V-^(Dp 
-GaN^^i^c^pS!:^-^ FSl 2 0. F-:7*cr)p 
-A 1 GaNHP^fji^pm^'^r^ F® 1 2 1 . Mg F- 
:/cr)GaN3&i6«:-5pMri>^^ F® 1 2 3i^fSC^f& 

[005 2]^l.r. pM:3>^i7 hjgi 2 3;0f>6nM 
n>^^^FJSl l2<Dm^^r^U^m(tCx.v^>^:^ 20 
SaL/cnM:3>^^ Fill 1 2cr>^®CC{*n(|ijm 

mi2dmm^ti. -':^rpM3>^^h® i 2 3±cc 

{ipfflijmSl 2 5;{>i0^5nTl>^. 
[00 5 31 ?fePRiRSl 1 4tc:-:>Cir{i. 1 nffl^J&^M 
QWrSttJll 1 8CD#FflI nM^J:*3m>C^:;&5|i^ 

^^]S<'r^4>CDi^^„ Tfe^^g?^- F*»J®il 1 1 3CC 

imi>^tf>. ^u<uAi GaN^m^i^rmmm^Gsi so 
[0 0 5 4] mi-cu. ^m^^-i^mmmi i 3^n 

m^Xhmt>rj:K\ ^e>^. n^a>^^ FBI 1 2^ 
A 1 G a NRO^/Xi^: I n G a N t G a N<DatS^^1iJ& 
it/i:i©^*>^*«im«r^-5o =i>d?^F@l 12^ 

{S«-r^ytd?)tc^iSF-:/^tf ^Ci4>oI#gr*'S.o * 
fc. ytmi\m 1 1 4 <h3l^jg^- FSiJiSl® 1 1 3<Dt'is 

HI 1 4tfim<. GaNr3>^^ FBI 1 2^fiCymm 

[00 5 5] >^IU6JK^(cfet:f^J:^K:. yt^itmi 1 
4Saf/Xli5fe^S?-=e-F$0ffliJil 1 3*SW/c»^ 

A 1 GaN^7^-^ F®Jl;&^:^+^"C5fe3^3>^:5; F 
@1 1 2CCL^tU-r«Si't?4>. zi>:S/^ FBI 1 2JC7fe 
*^;^^<ign^C<h^S:R§±L. ffi^X^-FtCcfc-S^^ 
«I$!lLrFFP^miI*tCU. L^t^ffl^rffiS-r-S^CisC^i 

m^>^^hmi i2(<.^i)iii^^<mti^^^. nsn> so 
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F® 1 1 2CC^fePRitKB 1 1 ARa^m^^- hWM 
mi 1 3imtrf?tm^. nm:::3>^^ hmi 12^<D^ 

[0 0 5 6] ^/t. fie3fc«ig-CtJFFP^i^tf*tt^n^-r 

C(DX^rj:^mB\tp-GaN:=i>^i^hmi2 
3. n-GaNri>^^ hBl 1 2--5fc&^iinaU. 

*3ISSJ^S§CCJ:-SJ:^(CnM:3>^>/Fjll 12ctJ 
tC^fePRjRJl 1 1 4RC^7t«iS^-- F©JfflI® 1 1 3 

[0057] $6^:. ytm.mmi i4^m^^xh. f- 

n^o n>^i7Fjll 1 24'fcc^- F$<JfflIB 1 

I 3^>F^raPiCCEgU. F<D^**«I^-S* 
ffir^^. 1 1 4X«^- FSOfflJB 1 1 37&^sjg 
«IW^^C:t6nrc^AcCl^li^ti. S!r^^-Ftc<fc5^M 

H 1 1 2 tJ^CC-t- F^ijiaiB 1 1 3 ^^P^PSCCffigU. ^ 

[0058] ^^cD^arjJ. FiCj:-S^» 

l^TO^ ^ iC^^raS^^C^^cl^. Se3^{^]g>^^- FCD 

I I AyjiX^9r^miphn:^^-Ymmmi i 

[0059] «±C0 J: ^ CC LTt^fc*:ilifeJKm>^«: 
U-1f». 42 Onm^^iacD^eSr^SiSigS^L. -e 
CDU^l>ffl«l kA/cm' WTr^O. ^fcU-lf^ 
JSCC -5 F F P & o /c« 

[0060] (^3(Dj|Jfi0^) 08^*. *^WCD||3 

[0 06 1 ] ^y7^rmm± \ 1 OCC. GaN^^e*: 
^►>'^^^:7tJ11 1 1 . S i F-:/<Dn-GaN3&:»6i&S 
n§S:3>^^ Fill 1 2. S i F-:/(Dn - I n A 1 G 
aN*>6Aj:SnM3fe#ig-=&-F*iJia«ll 1 3. nSri> 
FBI 1 2. Si Y-y'<Dn - I nGaN*>e»&2^ 
nSS7lfc»iR® 1 1 4. S i F--:/cr>n-A 1 GaN;&>6 
i^jT-SnSl^^^ FBI 1 5. S i F-"/(Dn -GaN;C)^ 
hf3i^nmtS-( FBI 1 6. Si F-:/<Dn-A 1 Ga 

i^tf^hu^nmnmmmmi i 7. ^n^nc^iis^e^n 

0nineiT©2affl(DI nA 1 G a NB(DSDigUt?« 



C8) 

03 

^^ti^mmmmi>^h^^^mM^^^ (mqw) mm. 

f)^ibrj:hMQ^m^m 1 1 8. Mff F'-:/C!>p -A 1 G 

A 1 GaN*>6i^^pS^'^'> FJll 2 K Mg: F-:/ 
(DI nGaN;6>e^c^p^7fe?RiRJil 2 2. Mg^ F-:/ 
(DGaN3&>635:^P^:3>^^ F/il 23. F-:/ 
CDp - I nA 1 GaN:{»6iCc^pM3lc^-^:-FtiJfflIjl 
12 4. pS!:3>3?^' FJi 1 2 33&i^gjg^5nri> 

10 

[0062]^Lr. p^n>:S7^ FSl 2 33Cr>e»nM 

n. SfcBL/cn^n>^i> F® 1 1 2C!>aBtCiinif|m 
@12 6*sj^^Sn. — :&pS=i>^tJ7 F® 1 2 3±CC 
^ipfflOmffil 2 5:d^Sff5fi£3nrCi-5o 
[0 0 6 3] 2 2Sa=l 1 4(COl>rti. I 

2 4(COt,ir«. ^1c?Riljyil 1 4Safl 2 2il^lSI{CPR 
iR^^:^i]gl^*><D>£:ffll=>^3j>\ < t^A 1 G a N>&ffl 
l^rSSf^^G a N J: 0 ^>{S< 0/i:fec^>^fflC^^ C 1 1 

[00 6 4] Hsrji. ^t^^e-^-FStmr® 1 1 3. 1 

24<&nSr2>^:5' F® 1 1 2 i pMr3>> F® 1 2 

ymis,'^- I'mmm 114,1 2 2*2iiJu±s 

tt. m«n>^r^ hH^A 1 GaNRi:X/X(3: 1 nG 
aN<?:GaNCr)®*ST«igiL/ciS^fe^||t3:l5j«l'C^> 30 
n>^57 h® 1 1 2, 1 2 3 L/clt 

ill 14SC//X«1 2 2tm<. GaNn>^^?F® 

1 1 2iti{c3f^ig?^- Ywmm 1 1 3 35rsa:t:rr*-si8-& 

[0 06 5] *ll;Kfl5S§«::teC:f^j:^tc. ifeKiRgi i 

4 . 12 2 mjf/xuimm'^- Yumm 113.12 4o 

4 i:W(}i)fcm^U. A 1 G a N ^ ^ ^ F®/?*i:^^+:S''C 

FBI 1 2, 1 2 3CCU^Wrttlft'C^>. 
n>^>;F®112. 1 2 3CC7ic^:Acgr<iin-SC<b* 
ES±U. SKX-=e-FCCcfc^^*«l$lJL.TFFP^#i[* 
ecu. U^C^fii^iSilSf ^C<!:>{r»r#4. 
fflt^/^C>i8^. NFP?rm^<!:pSin>3rt> F® 1 2 
3. nM:3>^t5' Fa 1 1 2(Cb^aL/rc>SC:<b*i^ 
:*^^o CCr. n>iSf^ F® 1 1 2. 1 2 3 tC5tKiRjl 

114. \22im%mm.'^-vmmm\\A. 12 a 
^mmcm^. i^FP^m.^tzxiy^^Ymi \2, 1 50 
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2 3-v(^>7fe<Z)iin^i/^$<^c^9. ^L^ttifiifeigT'r 

[0066] Sft:. tJe3fc«i^'t?J3:F F PU^W&^mir 
i)\ C<DJ:^)dC^i!#tt«p -GaNa>^^ F® 1 2 
3. n-GaN:3>:$?:i^ F® 1 1 2-^3lc:)&5«ntbU. iS 

;X^-Fru-if^tgt/rc^^cik:*aa-r-So 

L-. *J|jteJg^CCj:-5>i^(cn>^^ Fill 1 2. 12 

z^^%mmi 14. 1 2 2sc/7ic^^-F$iRaiji 
1 1 3, 1 2A^WLmcm^. ¥FP\mmtr^i>. 

[0 06 7] *^?gSI<Dj:^K:pMn>^i5^ F®1 2 
3. nM:3>^^7F®l 1 2 <DW:&ec3£<Diin*ffi2g-r 

HIiJg. SBR«ig(DJ;OR:pffiiJr^S£cDSSn7&5SSOiA 

[0068] eLh©<fc ^CC Ur»/c^:||iSJ^,^<D^i* 
U-1f(3:. A2 0nmn)8i(D^Si^m§am^m&V. ^ 
cDL#C^ffi«l kA/cm^ «Tr*>^). *fcU-tf^ 

[0069] (^4<D^?gg§) m9\x. :^mn<omA 

[0 0 7 0] •^^:7T>frS^l 1 OCC. GsiHiPhn: 
^^"^vVrmill. S i F-:/CDn-GaN;&ie>^c^ 
nSn>tS7^ F® 1 1 2. S i F-:/<Dn - I n A 1 G 
aN*>6^j:^nM*2S2K^-F$lJ^Jll 1 3. nS:3> 
FSl 12. Si F-r?'CDn - I nOaWs^hU^ 
nM3fetRiRill 1 4. S i F"-:/(Dn-A 1 GaN>!>^6 
AjT^ngj^^^r F® 1 1 5. S i F-:/<Z>n-GaN*> 
hU^vimii-( F® 1 1 6. Si F-:7*CDn-A 1 Ga 

ntf^hfsi^nmmm^mmi 17. ^n-enco/i^j&i 1 

0nmt(T<D2®S(DI n A 1 G a NgOO^OiMLr^ 
^SneSR8«®;!pe>^cC^^^Sg^P (MQW) «J§ 
:^^e>^«c^MQWSitt® 1 1 8. M ff F-:/CDp - A 1 G 
aN:0>6:^^p^l®PiSl 1 9. Mgr F-:/CDp-G 
aN;&>^3tcSpS:tf-/ FB 1 2 0. M&F-^^'cDp-A 
1 GaNjCP^^c^pg}^-^ Fill 2 1. Mg F-:/© 
I nGaNs^peft-SpS^eRiR® 1 2 2. y>F-:^X 
{^S i F-:/c?>n- I nA \ G SLHtP^ht^^W^zfu y 
^®12 7. ^>F-:/XtAMg F-:/Op- I nA 1 
GaN3Cp6?tc-53t£®iK^- FWWai 2 4. ^:/P 
^Bl 2 73&^«SJ^^5nrii-So 
[007 1 ] rtSfCCit^^- FtUaiB 1 2 4 ^^^^OS 

nusiumm.':fuv^mi 2 7±ic«. Mg f-:/(dg 

aN;&^6:^JC^pM:3>^r^ FB 1 2 3. p§l7£z©Jg^^- 
FS!lfflI®12 4. pSf:3>^?^; FBI 2 3*5^S?g^3 

nri^^o ^Lr. ^L,r. p323>dr^ fbi 23*^ 

6nS:3>:S?^ FBI 1 2 <D^*$rSP^WCCX ^> 
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^^ti. SHlb/cnMn>^^ Fill l2(Dmm(^ittn 

\tpmmm i 2 bmm^nxi.^^^ 
1007 2] ytmiimi22Rzfi I 4(c-D\.>xkt. i 

mi 1 3x^*1 2 4(^'Oi.>xkt. ym^m 1 1 4rui 
2 2tmm(c^iRfi^mi^mi.>i><D^mi^^i^. mo<{t 

[00 7 3] Sgrti. 7fe#iS?^-F©J®®^pMn> 
^tJ^h^lZS. n^n>^^ hill 1 24iCcSlB^ 

* 2 ® jy±i9:c^ . a > ^ h /X 

timSfe::^a ^Jl^ A 1 G a NSc>VX^i I n G a N <b 
GaNcDjBtS^^^iUyti&^fe^^l^I^mr^^, n 

fwmm 113. 12 Ao^iy^t^—yjfci^^m^^c 

2:«^^< . GaNn>^>7 hJii 1 2. 1 2 34^^07^^ 
iS^^- F$rjfflIJi 1 13.1 2 4i^mi^X$>^m^i,^^ 

[ 0 0 7 4 ] :$»fS0.^CC*5t:^^ J: 0 Cc:/n 1 2 
7S?:Jf/XlirJ>^^ h@l 1 2, 1 2 3 tpfCTfePRiRJl 
114, 12 2:E^OVX«7S9iS^- FflJSPg 113, 
1 2 4 ^S:C:f /c«^(i, A 1 G a N ^ ^ 5. h'mmi>^:^-\- 
^xytf>^:3>di^hmi I 2. 1 2 3001/^^^*^-^ 
fe. ri>df^ h® 1 1 2. 1 2 3tC3fe3^:^^<iin'SC 
t^^±L. lK;^^-FCCi:^^ti;&»ll$ilLrFFP^ 

12, 1 2 3*iC3feKJRJll 1 4. 1 2 2Ri:X7fe^2R^ 

-F©jiaiBii3, I 2 4immcm^. FFP^tmm 

[0075] &.±<OJ:'>(^bxnfc:i:mmmm(D^W 
l/— tfJi. 42 0nmi^i5:(Om&xmiSMm^0. ^ 
<OL^i.m\tl KAXcm' «Tr*0. ^/cU-1f% 
SCC*5t:f ^> F F P 53:#ii*'C* o fco 

[0076] (^5 (ommmm) mio :^mM(Dm 
[007 7] 9ciicmmLftm4(Dmmmmt(Dm^t. 

^^W^i)^p-A 1 GaNi^^r? F® 1 2 1 r&Snr 
l>^C<br*-So :/n^^®l27«Si F-:/<DGa 
NX«|g^L<{iSi F-:/OA 1 GaNXJil nGa 
N-C^^O . iJ?^ F® 1 2 1 *(C*?RiRB 1 2 2 i)^m^f 
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etirc^^, ^/t, :3>^^ 1 2 34»JCI nGaN 
X«A I GaNi)^t^fj::Bmi&'e- F^OiS® 1 2 4;&5^tt 

[0078] pfflrJ^^sl^-C. ^PRiR/l 1 2 2SLiy^7fe^a? 
^-F$iJ@l®l 2 4^:/n-^^jil 2 JS^zJV^d? F 

i2 3m^(>cm^^ctt,cj:Ki. FFP<Dmmit^mjs. 

TSCi^rgr. :/n-^^®l27, ::'>^^hmi2 
3-^<D^<DL^mO^^LX. U^i.miTif?>Ct 

10 [0079) **^?g^{C:foi:f ^ J: ^ tc. ^fecRiR® 1 1 

4,12 2Ru^y'y.icty(Mm^- pumm 113, 12 
4^mmcm^{t. ytf)^::i>^phmi 12. i23x 

«miS::^a-^^®l 2 7k:u^tH-rt^arfc. cneco 

^*ffli$iJLr®m»^FFP^m(*ccL. b^c^fii* 
ism-r^cti>^x^^^ ^/c. t¥3K«jg^{iFFP{i^ 

h®12 3. n~G8LN:=i>^^ hmi I 2-^^i!>mtl 

mo. MA"^- }rxu-if^vxi>^c ti^mmr 

20 U^O^L.. *^?^,®CCj:^J:^CCn>^7^/ hMi i 
2 . 12 3 ^(fCymiRm 114. 12 2:&y^:^S^^- 

\'mmm 113. 124 ^s:t:r/ci#^. f f Pittmmt 

[0080] JW±CD ct ^ f#fc:4c||J6jg,^cr>^«: 
U-1f«. 4 2 Onm^WiacDa^Sr^Sa^^L. 
<Z)UtC^ffl(il kA/cm' WT-CfeO. $/cU-1f^ 
ti(c4tjc:t ^ F F P ti^Ktr * /Co 

[008 1 ] itc*5. *^?9{s_b^L.yt^ 1 -1^6 (omm 

30 h(OX\tts:<. Si, SiC. Mg-AI, O, . GaN 
rx^;l.^*-+> ^:/;^rS/jN$C:tni^Ga I n A 1 BNcD 
S i CcfE6nSfeOr«i^< . t£t4il3{P»6(D:7ic(C>[* 

[00821 (mscommmmi) mi i\t. :$:^m(Dm 

[0 08 3] Hcti2 0 ni1f:7T>rTS«t?^0. CO 
S«20 1±CC(J. n-GaN=i>3r^ F®20 2 (S 
i F-P^, 5xl0*»cm-\ Sum). n-In.., 
Gao., N*tRjRg2 0 3 (Si F->^. 5 x 1 0" c 
m-\ 0. Ixxm). n-A U.osGao.9»N^'^^ F 
®2 0 4 (Si F-:?', 1 X 1 0" cm-\ 0. 8u 
m) . n-GaN^^iS®2 0 5 (S i F-:/. 1 x i 
O^'cm-*, 0. 1 Mm) . I n,>..sGa3.,sN#F® 
50 (3nm. 5/1) <b I no.»,Ga».,,NP§^ll (6n 



it • 
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m) i^htji^B^mm^^P (MQW) ?£ttjl2 0 6. p 

0 7 {2 0nm) . p - G aN7tr»S^li2 0 8 (Mg K 

lxlO>»cm-\ 0. 1 Mm) . p-AU.o, 
Ga»,„Ni^^ FJ12 0 9 (Mg F-:/. 1 x l 
cm-^ 0. 8/zm). p-Ina.zGao., N3<&eRitX 

(Mgr F--:/. 5xi0"cm-\ 0, 1 m 
m) . p -GaNn>i$?i7 h®2 1 1 (Mg F-:/, 2 
xlO*'cm-^ 0. 1 Mm) 3&i^?^^$nrCiSo 
[0 0 8 4] pMri>d?^ F@2 1 lCD*ffi3&>6n^:3 10 
F®2 0 2(DM4i*'CX ^^>r:/1*c^>yt^^g|L 

B.9^NmSE£:/n'5^^^J12 1 2 (Mgr F-::?'. ixio" 
cm-'. 0. 1 Mm) . n- I no. 2 Gao., N^CRJR 
B213 (Si ^-y\ 5xiO»»cm-\ 0. 3m 
m) . n-GaNmSS:/n^^® (S i F — :7\ 1 x i 
0"cm-\ 2 Mm) 2 I 4ii>m&tm^tiX\.^^. ^ 
Lr. ^1^±g|5S:CXnM^gS:/ci^i^ll2 1 4±Ccfci. 
p-GaNn>5r^ Fjl2 1 5 (Mg F-:?'. 2X10 
"»cm-\ 0. 2 Mm) ^^^^SJI^^^nrCi-S). 20 

[0 08 5] ^/c. v^m^iy'^i^vrnzibcommt^h 

7i:nM3>3r^ hJ12 0 2±tCA 1 /T i /A u 
^ntMffi2 1 7;&5^^^ti. — ^pM:^^^^? h®2 

1 5±fC«P t/Ti/P t/Au*^6&-Spfflijm@2 
1 ^mm^tlX\.^h. ^Ur. M@2 16. 2 1 7;&5 

tCS i Jte»JS2 1 8;^?^fiR$nTl^^. /^cfc. MQ 
Wrgtt@2 0 6(Di|ist3:4Mm<?:Lrii-So */c. #tcH 
n^Lrc^^j:l>:65^ U—- tf7l6mS*^atc{5:T i /S i 30 

[0086] *|gS6ff^S§rti. ^tjggSO . 5 mmCDJS 
b^C^ttmSS7 0mA. ^igJgS4 2 0nm. ttfp 
2 V-C^agl^ML/Co $e>OC5 0'C. 5 m 
WliS6K:*5t:f^*^*^«5 0 0 O^HJyiiC^^o/c. 
a^yt. FFP«*^ft7'' , SiiLft2 2* r#il»c7)t;*- 
^■C*0. 3 6k:^f,^.PS^{i5 Mmi/h3< . ^fe-r^x 

[0087] mqws^2 

0 6«ri(^tPA 1 GaNiJ?^^ F® 2 0 4^0^ 2 0 9(Di1- 40 
ffiiJCC{i|%ig3fe^S0^fj:G a NB^^-^/cai)®^'- FftiJS 
2»?8?r*^;&i. A 1 GaN^^-^ FS2 0 4^0^2 0 9 
<Di1-(iK<DS^^aU:^7l£CC>E*Lr I nGaN3feKJ|X®2 
0 3RC/2 1 0 ^<fc OiS^^cDSKS^- F{^««?&i:^^ 

i^cCS^s. n-Ina.,Gaa., N3fe«45U12 1 3;^]S;jX 
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0. 4MmgScDS(|iir£14®r|iicD$fj®;&i:f;g'r^-s© 

BSgajfef^-f x^i^xr-AkiDSffloftgi&^f^u- 
[0 08 8] aecc. n - I no.. Ga^.s n^mMM 
20 3. p-Irio., Gao., n%m^2\0^^ 

n - I no.j5Gao.75N (Si F-::^. 5xio 
^•cm-\ 3nm, 1 Og) #FJli n - I no . a.G a 
o.3»N (S i F--:^. 5xio^'cm-', 6nm)ffM 

m:^ib^^Mi^^^mmytmfRm. p- i no.^sGa 

a.75N (Mg F-:/. 5xio'»cm-\ 3*nm. 10 
@) #Fll<t p- I no.»2Gao...N (Mg F-::/. 5 

xlo"•cm-^ Bnm) mmmi^h^^m'f-^pmM 

20' r#l*t'-^CC, ^¥.^Mmitt3 umt^^^^mx 
t/ho Cti«. 76KiR®x?(DSiEtti^-F(Z>«JW^® 

fct. I n«^cD:Ac#c^7fe®iRji^#®r/i<-r^<trtg|5 

[0089] imKommmm) mi2kt. :^^m(Dm 
10 0 9 0] :^:mmmmi)mi i-c^^ti-s^eo^is 

mmtiCnOXmtX^f^M. n-GaNzi>^i>Fjl2 0 
2^n-Ino:, Gao.. Nj/tm^2 0 3(fC. p-G 
aNn>3?>7 FJt2 1 1 S:D^2 1 53&5p- i no., Ga 
o.» Nytmim2 1 OJCg^j^^r^-SCi-CiS. 
or. n - I no. 2 GaO.8 Nymi\m2 0 SRZ^p 
- I no. 2 GaO.8 N^PRW12 1 0 (3:^fe?RiRg<hm@ 

[009 1 ] :^mmmmx^t. ^^mSfiO . 5 mmOig 
L^?C^fiimSa7 5mA. ^tgS4 2 0nm. ttfp 

sff4. svxmmm^mi^fc. ^^r:. 5 0'a 5 

mWIE8btC*5C:rS^^-^ti5 0 0 O^SJ«±r*o 
/Co ^^1. FFP(i*^«5' ;SB;%2 0*' -ewo 
t*-^r*J3. 3?>{c#.^.PSiltS4Mmi/hS<. Tfef" 

[0092] ^^^ggl^-'lf MQWrStt® 2 
OB^t^EtfA 1 GaN^^ *:. F® 2 0 4RC;2 0 OCDil- 
ffll^«^®*CC3*br a?^/j:G a NiltSrn - G a NMSSS 

:fu-ji;m2i4(o^f)^$>:6tc^. m^-fitme<om 
tmmtmmdcmmmxh^i)^ i nGaN^KUxscc 

cfcOB^JCCD^^- Ft3:%^tc«S$'if-SC<fc3CrSr#-&CD 
-C. m6COSQfe?^g§R:l:t-<t:fe. FFPO*£3&iO^<D«I 

I nGaN3t®JR®2 0 3SC/2 1 07&imffin>^^' h 
@^**a5<Z>-C. «W!fita;C»^pffliJ. ni^mtCTi^K^nilp 



/ 



19 

[0093] fefe. :^mM{t±miyftms--m7<omm 
nmicmf^ti^i>(Di:mj:< . mmtLx. s i . s i 

i&i^tiUGa I nA 1 B Ncr>ffi:g»5St?mt^. */c. 3fe 
^UM'^O) F-f^^/^iMff. S i fiCmhti^i^COXU 

rj:<^ 10' cm-''mm.(omif5i.mmmhtiti{t. mm 

[0094] (^8 CD^JfeJ^,^) a 1 3 :^mM<Dm 

[0 095] Scfi(D3 0 0«1f:7T>fTSS'e*D. C 
CD»S3 0 0±{C5S. Al N/I nN®♦S^>^^'-^:7r® 
30 1 <T>F-:/. 4 Mm. l^^coibA IN: I nN 
= 8:2). n-Ino.t Gao., Nni>^i7hB30 
2 (S i f-y". 3-5x1 0" cm-\ 4 Mm) . n 
-GaN/Gaa.55A s».,5Nffi*S^3£gRiRjl3 0 3 20 

(S i K->'\ 3-^5 X 1 0"' cm-^ 0. 1 Mm. m 
^CDitGaN :GaAsN=8:2). n-AU.3 G 
ao.7 N^^-y F@3 0 4 (S i F-:?*, 5 x l 0" c 
m-\ 0. 3Mm) . In,.^ Ga».. Nrga®305 

(T>K-r7\ 0. 1 jum) . p-AU., Gaa.^N 
^^v]^m3 0B iMs\^-y', 5xl0*'cm-\ 
0. 3Mm). P-GaN/Gao..5 Asa.isN©*S^ 
7!c?RiR®3 0 7 (Mgr F->^. 1 --3 x i o" c m"'. 
0. lum. IS^OtbGaN : GaAsN= 8 : 2) . 
P-In..x Gao., N:J>i$f^ F@30 8 (MG F- 30 
y\ 1--3X 1 0*'cm-\ 0. I urn") i>mmm^^ 
nri>S, S®3 0 2--3 0 8CDMS^13:. MOCV 

[0 096] ±IBSM3 0 2-^3 0 8 CD^Sfg. pMM 

n>^>7ha3 0 2tC^-S^rx>:.^>y>&tfO\ M 

^br. pM. nMi^^m@^?g^-5gP^OS iO, 
^m^L. pM. nS<DS@^M3 11.31 2^^.« 
L/to 40 
[0097] p^. nS!^tk:GaN/Gaa.,sAsc».is 
Nat&^5fceRiR®3 0 3. 30 7^i. AlN/InN® 
t&^/^•v:7TJt3 0 itctS^^brfeO. r£tt®3 0 
5:^6%ii^ti'&3fe(Ox;^>rl,:¥'- J:0 fc/^3«c^^'> F=^^ 

[0 0 9 8] *|6JfeS$jlS<DU— t^'-C^i. L#C>ffi8 0m 

Axmmsmmmvfc. ^m(&mt.A 2 o n m. m^^m 
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ts:W^<Dmri'0:>l 0 OmACCjt-^8 0 m A <be< ;/^cCo 
fie*0ll'C{3:2ocDt:'-^>&5^o/c*>(D3{r5. 

«i -oof-^^ccj^co. Sii::§'rpjco^ms*> 1 4*^ 

;^^fl|fc:' >7T V y t l^X-^^mm^U^ lx-<;l/<!b 
[ 0 0 9 9 ] */c. ^mW^^u^&-J5mt L/TMOC V 
[0100] (m9<D|^Jf$S§) a 1 4ti. :^|^HJ<D^ 

[0 1 0 1 ] Ifr^T-^TSSS 2 0<D±CC. AlN/^'^r 
:7tJ1321 (T>F-7\ lOnm). n-In»., 
Gao.s Nri>^^5'FB3 2 2 (Si F-::^. ixlO 
"cm-\ 3Mm) . n-Ga,>.97A Sa.o3 NTfeSRiR 
jl3 2 3 (Si Y-y^, 3--5 X 1 0*'cm-\ 0. 1 
Mm). n-A\^,r Ga,,., N^^^Fg324 (S 
i Y-^, 5x 1 0^' cm-\ 0. 8 Mm) . GaN3t 
KDiAes?>®3 2 5 (S i F-:/. 0. 1 Mm) . In 

Ga,., Nr5ttjl3 2 6 (S i F-:/. 1 On 
m) . GaN7feKOjAi?)jl3 2 7 (T>F'-:/. 0. 1 
Mm). p-AU.:tGaa.9 N^^-.^Fji32 8 (M 
5xl0^'cm-^ 0. 8Mm). p-Ga 
o.s/A s,..,N3lc®JR®3 2 9 {M^ Y-V\ l-S X 
10^»cm-\ 0. 1 Mm) . p-Ina.i Ga^,* N 
Fjl3 30 (M& F-:/. l-'3xio''cm 
-\ 0. 3 Mm) ;&5^S?^JSStirC^^o ctlh 

[0 10 2]^Lr. pS:3>3^> hfl3 3 Ocd^®;Cp 
5nSr2>^^ hM3 2 2^Cjl-r63!r— gS3^$x^^> 
yjCjzor^S^n. ^*5n/cnS?^>i?:5' F®3 2 
2±K:{in{|ijmffi3 3 2;&5^^5n. piijm@3 30± 

^^<«MtC{i. »;-^m^^E9<C/td?>(DS iO. ^ 
li3 3 3^^^$nTC^>S>o 

[0 103] pM. nM*^. Ga,.»,A So.a^NT^K 
Jt5^32 3. 3 2 9C7>*&T5£^«I Ha.t Ga,., NCC 

[0 104] :*:«JgCDS^'C{iU*l^«8 0mAr8 0 
^CisraM^O/c. ^iKS^i3 7 5nm. MffSBE 

J: r htitf^^m 5 nj%7fe^r<D7i6ms5Wg < & -5 
^^^<ommxi>mMi^^^tfinhritc. ^/c sts^ 
[0 10 51 (mio<Dmtmm) mib^t. :^^m(o 
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[0 10 6]m^(D3A0U'^yr-(rmm. 34 Hi 
n-GaN^^yVrM (r>\^-zr. 0. 1 Mm) . 3 
42tin-Ga„.9 Aio.i Sb^.t Na.s h 
*PRit5^ (Si h'-y\ 3-^5 X 1 0*'cm-\ 4 u 
m) . 3 4 3tin-A 1 GaN^7^!y (Si F- 
5xio"'cm-\ 0. Sum). 344iJn-G 
F® (S i F-r?^. 5 x l 0^' cm-\ 0. 
1 Mm) . 3 4 5{il no.3 Gao.7 N/GaN^MS: 
^FrSttH (T> F-y. #F«2 nm, »M(|ii4 n 10 
m. . 3 4 6^3:p-GaN5fe:^-< FB (Mg 

F-r?', 5xl0''cm-^ 0. iMm). 347{ip 
-A 1 GaN^^-j^ F® (Mg F-:?". 5xi0"cm 
-\ 0. 3Mm). 348t*p-Ga„., Al,., Sb 
D., No.» n>^^ h3feKiRJi (MG F-:7\ l-sx 
10^'cm-'. 0. 5Mm). 349fcJn-GaNa^ 
KM® (S i F-:/. lxiO"cm-\ 0. 3u 
m) . 3 5 Ot3:p-GaNn>^i^ hjl^ 3 5 U^pffliJ 

3 5 2{inWMffi'e^-^. 
[0 1 0 7 ] ff^:^Sli. ;^(Z)<J:^(cAj:ori>'5o J68?> 20 
CCMOC V Dffi^ J: *3 n - G a N jimPSMjl 3 4 9 $ t? 

.^SL^cDf^. am^sji 3 0 9 <?>±cc— a5>' :t F y V 

GaA 1 SbNpfePRJR®3 4 8;{?Wm'r'2.^'Cx-y^> 
^*:tf 5o -^C^r. p -GaNn>^i7 F®3 5 O^JSK 

®3 4 2^C^T^^'C-gp^^*L.. StHL/cnMr3> 
F/13 4 2±CCn{iJmS3 5 2^C:rti-l±l>L. 

ccpM:3>^^ h;i3 5o±«:p{ijs@3 5 i^mfSL-r 

[0 1 0 8 ] *»fe?gfi|(DU-1f{3:. OffC^^i2 0mA 
r^tSiSJi^^L/Co ^m&U4 2 0 n m, Sftf^SiEE 
«3. SV-C^o/Co 

[0109] (HI 1 (omtmm) mint. :^^m<D 

CO 1 1 0] 0*O3 6Otip-S i CS«. 3 6U* 
p-A 1 N/I nNJ^vyrM (Ms F-:/3--5x 1 
0"cm-\ 1 am, i?^(DJtA 1 N : I nN= 0. 
7:0. 3) . 3 6 2{3:p-GaN/Ga..» P.., N 40 
ffl«^®iR® (Ms: F-:/. ixio^cm"'. 0. 
4 Mm, /ISCDlrtGa N :GaPN=0. 7:0. 
3). 363{ip-AU.3 Gaa.7 N^'y y\^m (M 
8rF-:r, 5xio^'cm-\ 0. 3 Mm) . 364ti 
A U., Ga»., N36:</>^ F® (r> F->^. 0. 0 1 
Mm). 3 6 5«^SS^#FrSttSI n,.^ Gaa.» 
N/A 1 0.1 Ga,.,N (r>F-r^, #:r/P2 nm. 
^M/14nm, S-^T) . 366«Alo.. Ga,., N 
F® (T>F-:/. 0. 0 1 Mm) . 3 6 7ftin 
-A Gao.7 N^^^ F@ (S i F-:/. 5X1 50 
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0*'cm-\ 0. 3Mm). 3 6 8t3: n - Ga M/G a 
o.s p.., NStS^^RiR® ( S i F-:/, 1 x 1 o" 
cm-\ 0. 4Mm, iP^cotbGaN : G a PN= 0 . 
7:0. 3). 3 6 9Jip-GaNmSfe$^^jl (Mg F 



5X10^ 



c m" 



1 Mm) . 3 7 0«n - 



Ga.Nzi>^^ hm (S \ h'-y\ l--3xi0*'cm 
-\ 0. 1 Mm) . 3 7ninfflrj^. 3 7 2\tv>mm 

[01111 fP^^rS«. A<D^^(^rj:^Xi.>^, 
5CMOCVD^0CJ:O p-GaN^3K^@3 6 9^^ 

mm:L. '^(ot&'cw&m^ms s 9<z)±cc— gp:? ^ f u 

y^^:7 ^-CCcfcOvx>/;S:?^figb. n-GaN/Ga 
P NaiS^:)fe®jR® 3 6 8 *r X ^> ^>y;^ 
tf^o p-GaNr3>3ri5^h®3 7 0^^ST 

3 WMtClie3 7 1. 3 7 2^JfML, ^CD 

[0112] *l©6?^^i&O^T'rt3:. L^l>«i7 0 
mAr^Ma^St3:3 7 5 nm. S*SI-t- F^O. 5 

0 0 omm^'C(D^mm'fhmmLfc. 

[0113] fxis. mmmmm^imm^cMLxmut 

F@CcJ:b-<®Sf^cDfic^ttf4^fflurCi-S3&i. ffitcHSf 
^<Z)Si^«f4rfe^ii. 

[0 114] (mi 2<omm^m) mi s\t. :^mm^ 
mi 2(Dmmmm(fC^iy^^nmmi^i^-ifm^(Dmm 

[0 115] 0*<?>3 8 OiJp -S i CS=E. 3 8 
p-GaN>'^*^:7rJl (Mg F-:/. 3^-5x1 O'^^c 
m-*. 3 Mm) . 3 8 2«p-GaN3feeR45^ (Mg F 

lxio"cm-\ 0. 1 Mm) . 383t3:p- 
A la.4 N^^ry Fil (Mg F-r^, 5X10 

^'cm 0. 3Mm). 384{iAU., Ga,.,N 

F® (T^F-:/, 0. 1 Mm) . 3 8 553:^S 
M^^PiiWmAl o.^ Gao., N/AU.^ Ga^., 
N (T>F-r^, #Fi¥2nm. fg^4 n m, 3-< 
T) . 3 8 6«AU., Gao., NtIc:^/'/ FB (T> F 

0. iMm) . 38 7{in-Al».* Ga,.^ N 

F® (S i F-:7\ 5x l O^cm"'. 0,3 m 
m) . 3 8 8«n-GaN3fe®iR® (S i F-:/, 1 
3xi0*'cm-\ O. iMm). 3 89«p-GaN 
^!5^® (Mg F-:?", 5xio^^cm-\ 0. 1m 
m) . 3 9 0«n-GaNn>5r^? F® (S i F-7^, 
l-'Sx 1 o*'cm-^ 0. 1 Mm) . 3 9 Hi n MS 

[0 116] f}^m^mt. :;*:<Di:^(cfeorii^. j&j* 

K:MOCVD^(Ci:0 p-GaNmffi$^5^®3 8 9*^ 
®3 8 83&SSa-r^$'CX^r=P>i5/^;g:tfOo p 
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[0117] :$:mmmmmM(Dm'T-^itt. o^c^ffl? o 

mA-V^mmmtS ? 5nm. H^b. 5 

e>0ffi±<z):^rK:iDj*»i>^n^ti?RiRM^ii^^ ^ k® 

[0 1191 (Hi scymmmm) lu. :^mm<o 
[0 12 0] ^mitmm\t±xMocw Dm^<kKif&m: 

mcDGaN. A 1 GaN®fc^S^:e^CC{3:^*. 
TV'^^r^ii'&G/c^Hm-Cl 0 0 0-C5CP6 1 1 0 0 30 

T7 0 0 'C^Cp^ 8 5 0 •CODfflH <!: L Aio 
[0121] 0*CD4 2 O^l^v'T -/TSe-T?, (00 

0 1) cffi^SrfflC^riJO. P-1f ^^-{3:^#|§CCJ:0 
J^^^nri^io 4 1 0tin-GaN3>^t5^ hii (S 

1 K-:/, 1 X 1 0^'cm-^) . 4 1 l«n-A 
Gaa.»,N^'7 ^ FJl (S i K-:/. ixio^'c 
m-\ 0. 6Mm)-C^^. 4 1 2«^MS^#F«liS 

(MQW) , A i^^v^m, vm^^tsxmm 

Sp-CftO. /S3 0. 1 ium(DGaN3&>63^S:*^-/ F/1 40 
^MISJ^CWU. #FM{i3nmJlcr>I n..„Gaa..,N 
®:«p6JftO. ^^•U-\-@tiiP3 6 nmOI n^.o^Gaa.,. 

mtMQi^mt<Dm^\t. /lS2nm<Dp-A U.^oG 
ao..QN»®^M/l*^»ASnrc>-So 
[012213S/C. 4 13{ip-Al..,3Ga».3,N^ 

F® (Mgr F-:/, 5xio*'cm-\ 0. 6m 
m) . 4 1 4«p-GaNn>:$r>7 F® (Mg F-r^» 
8xi0"cin-\ 0. 2 mn) r^D. S±m3:Mg 
*2X1 0»"cm-'&C^if|gS{t$nTC^^, 4 15«P 50 
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t/T i/P t/Au^^^i^cC-Spflijmffi. 4 16i^Si 
O. ^ftjg. 4 1 7«C T/Anfjf^hti:h^^v Vmm 
4 1 8«nWJ®®'C^-S, 

[01231419 \t^mmm^%f^^%\mMx. 

n>5^^ F®4 1 OF»iCCffig$nT:foO. ^MS^F 
(MQW) m?rSffiL.rC^So #F®«3nm/5CDI 
na.,oGaa..oN®*it)i&D. ^N*»;'i='®t3:/1$6 nm(D 
GaN>&>6^^Sn^o #F®til OJir*S. CCDM 

*r^J:^. r£tt®<D#F®ffl^CcStLt:5%gS^< 
?5:^i:^S:^eL/c. MQW-Ct^:rj:<#®n nG 

aNiiiUrfiSSU/tii^. •^?J^>'^^®r||>(tL/fc*^. 
G a N *>'^' y i'® i L r M Q WCD^i^ I n *i^:£r 8 

[0124] :^m&mm<Dmm^t. a<dj: ^ ^oxr^js. 

^tlSo ^T. P^n>^i5^ F®4 1 43£r<D^^g 

m&mm'<:t>(iC^^ F^-f:c^^>i/jK»j^«i^r. 

m (S i O. ) M*±ffl«:^fi£0/c^. 5fe»;yy^r7 
f#6ti^o y ■:^^CDiPiJ3:i£MTr4 Mm. S i CDUP 

its^i 3 M EQ i L /h. y i^Kcc#aE-r s^M^i^^^ 
^^mit^^^x\.\h. 

io 12 5] ^:mmmmxftt. ht\.me5mAxm.u 

mm^Lfc. J^S^S«4 0 5nm. aftft^«5. 

o/zmch+^/h^^cfii^ften/to mmytrntf^t^^ 

ffiffitttCH Ur ^mMX 1 0 0 0 ^raJ£U:^5£(Ci&fpU 

oftmrnxn^ti^^ mm^mm^j: 050 Mm^ris 

tilOOmAilS<. SlSa^^mSfeSO'Ciffi 

[01261022 t^:*3llf6?^S§CCKt-^J[ia*Si?ar 
S/tis?)<D0r*€.. a^tcai«SP*^^c7)iAi*ft. iffl^cc 

•>'>-df-> (FFP) tmttli>t:-A^^i:^LXl> 

cc^ssn^. i.^t>\9>^m.m^mmim^-r^fti^x$> 

02 l<DilSS?^SScOJ:^U:0. Qummm -T^Ct 
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[0127] ytmnm<D&mitt. t^- A#ttcD>**&vtt. 

I nffl^*^< Lr. FiMno I nmm^mf^-rw^i^i 
JicDMQwgpcD-en tig occur. /is^iSMurite 

[0 12 8] (mi 4<7:^^gg) 02 3(^4s:^?9cD^ 
7K-r»rM0-e*^« 02 1 iim— gp^CCJil^— ^^ 

[0129] m4^mrj:mmt%<Dm i 3<DmMnmtm 
3 9<ommRzmm:i<Lmi^^^. sp^. *prir®4 3 9 

i^tUQWrn^^UmO. #FJl^i3nin/?(DI n0.20G 
a0.80N®;&>6i^j:0. ir^Jl^iiP^ 6 n m(DG a 
6«^5nS„ #F®tJ2 Ojir^>^o *IIJ6Jg^r 
li. n ffjmSO[> > i> h ^icytmif^m 4 3 9 ;ef5®Ui L 

[0130] ^srcD L ^ i^m^fiijim i 3 onj^it 30 

^feSSTKrci^^tgii^cCO. 5 0*cnooo 

[0131] (^1 5(omsmm H24Ci. ^^m(D 
m 1 5 (Dmm^mic^t>^n^^mw if <d«ibs«^ 

[0132] 0*4 5 0«n-GaN:3>^^ (S 40 
i K-:?^. ixio^'cm '). 45nin-Ala..» 
Gao.9,Ni7^->r (S i F-:/. lxiO"c 
m-\ 0. 6 Mm). 4 5 2(i^?'aa^^«Jg (MQ 
W) . A 1 ^^-r ^tf^ F^^^t^ffi^SBr* 

0. il30. 1 ainOGaN7&i6^'5*:^/-f F®?:l5f|iJ 
CCWL/. #Fll{i3 ninJ|t(DI no.„Gaa.,sN®3{r»6 
^cO. >'^'y■if']1^3:j|[$6nmc^) I n^.o^Ga^.s^Nj^r^e 

QWjl<b<Z)raK:t3:. i?52 nmC[>p-AU.,»Gao... 
N«M»M®:Oi#A$nrC^-So 4 5 3«p-Alo.o, 50 
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Gao.i.^N^'^ Fjg (Mg F->^. 5xi0**c 
m-\ 0. SumX 454«p -GaNn>^i7 
(MgrF-:/, 8xiO''cm-\ 0. 2um)r^$>K>. 

4 5 7{iP t/T i/P t/Au3i^635:-&pffliJSffi 

[0133] 459 ^t:$mtmmiimt>?>^mi\Rmx$> 

K>. ^aM^#F (MQW) «ig^SfflLrC>-S. #F 
iltJ3 nmi^CD I n^.^aGa^.^oNli^^^iftO. -V^ 

m\tm^ e nm<DG am^f^m^^ii.^. ^wmiiti o 
&^^bigj®t3::^rm 1 3, mi 4<Dmmmm 

[0134] 461^4 5 9 <tI^l»CC^tRitS^Jlr*^ . 
nSMQW«Jg (#F® : 3nm/lCDS i - I n,,^oG 
SLo.soN, ^^Vrm : J?S6nmCDS i - GaN» #F 
®5S 1 0®) ;0^e>^cO^<D±tCp - GaNn>^d7 Fll 
462 (MgrF-:7\ Sxio^'cm"". 0. 5Mm) 
^fSLSiVfCo 46 1. 4 6 2^^MOCVDtCj:-5iltR^ 

[0135] :^mmmmmmv\:^. m^t- I'pmmo^m 
mmmofc. ^i&mt4 o 5 nm. m'^nmts. 5 

[0136] ^c:fo. *f£?^«_hat>/tlg 1 3 1 5 (D 

rs i c^ctfe^pjtgr. ii-vi mit^^msi^. s 

i. Ge35:^^^C^rt>m^o C CCtiStaB^A 1 G 
aNibrtBiSLft:;e^5 1 n. Ti, Si, G, Ni^c^ 

[0137] 1 6 (Dmsmm) cntt^cc^-rius 

J^fiS (Iff 1 e^mi 8) -^ffiTSPCC I nGaA 1 

N®«rwr ^ tf«3g^:tec^r . mss^spcc A s . 

PXt^A s <>: P ^m^^^t^ I n G a A 1 NJl^^^-r 
5(DJ;0CC. ^@g|5b«:*fiyr^gBa;&i^<bV>c 

>Fi^i^t^^^*5^cci«j&cc*fL. c(Dmm^m\.^?>t 

a' :«»sb' R:>[tLrA^ft>^^> F^^>->^:/^4^^-:»rc> 
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[ 0 1 3 8 ] 02 :^mm(om i e(ommmM(,c% 

[0 1 3 9] 04>5 2 n3:t^:7T'rTS«-C*9. 5 2 
2Cin^GaN®. 5 2 3 tinMA 1 G a N 5. K 
®. 5 2 4^iT>K'-7^GaN^:^>f K®. 5 2 5JiI 
nGaN/I nGaNd^eftSa^FSTfeSo 5 2 
6«pSGaN:)fe;^f>f F®. 5 2 7 pMA 1 G a N ^ 
^i'Fari^o 5 2 8. 5 2 953:^n-en. nip CD 

[0140] cciv(os:m^^m^^mmm: 

1. bOZ^m^^Xi^^^ 5 on*. nSfGaNAs® 
V$>K^. 5 0 2«pMGaNAsJl't?*'5o ifeS^SCC 

{tMocvDimaoxis^. 501. 502©^®* 

sm^i^/c. 5e>«:. pm®s^ji^gp53^efj(cj?^3g$i^ 
fco 20 

[0141] *|Q6?e^<DU— if-Cfci. J^gP^^im 

_bfE«^(DU— tfOL.^C>ffi(il kA/cm' r^O. 
CD 1 / 5 « T ^ ?^cC o T C > -5 . 

[0 14 2] (mi TCDHil^jlS) 02 7«. *^0JCD 
mi 7cD*iS?^.®tc^^^3^i|£^«:i.-1fc;D8«flg«^^^ 
fKMS^*'So 30 

[0 1 4 3] ^415 3 ni1^:7T-/TS«-C*0. 5 3 
2{3:nMGaN^. 5 3 3 lin^A 1 Ga N ^ K 
m. 5 3 4«r>K->^GaN7fe:^-r 5 3 5t*I 

nGaN/I nGaN;&>^>^^a^#F®'C^>'5o 5 3 
6{ipMGaN3fe:^-f 5 3 7«pMA 1 GaNi? 
^^^FB. 5 3 8, 5 3 9«i^n^n, nip(D®®^ 

[0 14 4] 5 0 3{inMGaNPJir^0. 5 0 4« 
pMGaNPar*^, ^S^S{iMOCVD*^L 

5 0 3. bOA(D^m^)S&^^±^n(D^mS: 40 
iaS«:fl&<DM(C*fU2 0 0Sffi< LrC^-So CCD^SJSCT) 
U—tfCDL#l^fii{i. Ik A/cm* rftO. SE^RCO 1 
/51UTCC?a:orii-&. 

[0 14 5] im\%(DmmBm)m2^\t. 

mi 8cr)g|jS6?^S§«:^*:>^*^^u-tf(D8lK:m^>&^ 

[0 1 4 6] 01*15 4 Uit^r^y -^TS«-C*0. 5 4 
2{inMGaNB. 5 4 3 tinSA 1 Ga N iJ'^ F 
Ji. 5 4 4«T>F-:/GaN?fe:^-< F®. 5 4 5«I 
nGaN/I nGa N*>6^^a^F®r4b-&o 5 4 50 
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6{3:pSGaN3fe:tf>f F@. 5 4 7 Jip35!A 1 G a N ^ 

"yvvm. 5 4 8. 5 4 9«'en'en. nipcomffi-r 

[0147] 505«n^I nGaNAsPJi-C*fi9. 
5 0 6(JpMI nGaNAsPg-C*^. i^B^SJSM 
OCD^^fflLr*50. 5 0 5. 5 0 6CD#B*^S^ 
ii^^CD^^SiaS^rffeOMCC?* L2 0 0S{g< LTC> 
CCD^jgcDU-lfCDbtl^fiiJi. IkA/cm* r 
^0. S^3fe(Dl/5*^TtC/S:orc^'5. 

[0 148]fj:fc. *l^?g«±K&Lifcmi 6-mi 8S« 

mxm^^'Bi^xmm'tr^c.tifix^^^ 

[0 14 9] (mi 90C«SS^«l) 02 9ti. 

[0 1 50] 1f:7T-rTSS±6 1 O^C. GaN;CP6i^ 
^^^*^:77J16 1 K S i F-:/<Dn -GaN3{i>6=^S 
nS?r7>^^ hjl6 1 2. Si F-:/<Dn -Ga A 1 N 
:^>>6^cC^nSfi^^->^ F®6 1 3. S i F- >'*CDn -G a 
N3^6:'5:^nM:^V File 1 4. F=^^> :/j:^>rl/ 
+--*5^^cO. ^en^tiCDif 1 0 nmiUT02«a 
<DI nA lGaNBcO^Oilbr«^$tl-5>^S8«J&>{^ 
6i^^^MI^#H«Jt?&>t>)^dC-5MQW?£tt@6 15. 
Mg F'-:/<Dp-GaN*>6^c^pM:^'< F&6 1 6. 
Mgr F-r^Op-A 1 Q8intf^hf^:hpm^'7v F®6 

17. MfiT F-:?'(DGaN3&^^?5c^pM=i>^^5' hJ16 

18. 3 6CCiecD±SP(Cpm®6 2 2?5SB^3tirc^ 
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